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The objective of g , modeling is to help ascertain potential risk to
water supply wells as a mwét @f a potential range of releases from the Red Hill
Bulk Fuel Storag ge of reasonably conservative pumping
ditions witl lomain. The results of this modeling effort will
then |

be used to:

m decisions related

1 decisions related

Pursuant to the Administrative Order on Consent Statement of Work
Section 6, Investigation & Remediation of Releases, and Section 7,
Groundwater Protection and Evaluation
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AEs) for
development

consid

suring that all appropriate data are

pment of the model

Vorking Group focus is on the deep technical issues related to
technically defensible model development
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=315 Tasks:

* TFN/Synoptic Data Analysis/Calibration Curves

« Development of Saprolite Variants for the Model Grids

» Integration of Regional Geology (e.g. Saprolite, Tuffs, Basalt, VF, etc.) into the
Refined Grid System

» Development of Model Grids

» Sensitivity Analyses

» Selection of Alternate Model Scenarios (Sensitivity Parameters)
» Volumetric Budgets

 Calibration to Synoptic and TFN (Including Alignment)

» Steady State Calibration

» Development of Pearl Harbor and Offshore Flow Boundaries

-t o YWrite Draft GW Flow Model Report

——1 « Complete Draft Report

» Presentation of Draft Deliverable Content to the Regulatory Agencies
« Regulatory Agencies to provide Responses to Draft Deliverable Content

“‘“‘f » October 2019 GW Flow Model Report to Regulatory Agencies (October 5)
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2. Saproltte extent The Navy has developed a 3-D geologic model that describes the lateral and vertical

in the interim extent of saprolite (as well as caprock, marine sediments, tuffs, and basalt) in the vicinity
model vs. depths | of Red Hill. This model is based on (a) the seismic study conducted by Boise State
inferred by University (Dr. Lee Liberty), (b) previous geologic studies in the area, and

seismic profiling | (c) interpretation of boring logs from key well locations within the area. The Navy has
discussed two different interpretations of the Halawa Deep Monitoring Well (2253-03)
boring log for the saprolite/basalt interface with the AOC Parties: (1) DOH’s -5 ft msl
and, (2) the Navy’s interpretation of -55 ft msl. The Navy extrapolated where each pick
would cross the air/groundwater interface (piezometric surface) of the regional basal
aquifer in South Halawa Valley by projecting the base of saprolite up valley using a 3%
slope, which is based on the Oki 2005 estimated projection.

The Navy is developing two saprolite models to represent conditions in South Halawa
Valley. The Navy will use their interpretation of the saprolite model, and will evaluate
the model’s sensitivity to the DOH interpretation. Drilling is ongoing in South Halawa
Valley, and more is planned.

If new data are not available by the time the October 2019 model is developed, the
Navy plans to use the more conservative interpretation of saprolite geometry for
groundwater flow modeling.
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il K-K' - South Halawa Valley

HDMW2253-003

Saprolite/basalt interface slope of 3% based on Oki 2005;
-5 ft msl and -55 ft msl are relative to HDMW2253-003
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3. Preferential The Navy recognizes that there are potential preferential pathways that can
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@

lavas moved down the slope toward the southwest as relatively narrow
streams.”

measurements for 22 historical flows on Mauna Loa and Kilauea on the island of
Hawaii, which presumably are typical of flows on Oahu as well. The flows on
Hawaii average about 15 mi in length and about one-half mile in width.” The
distance from the NW Rift zone of Ko‘olau volcano to Red Hill is approximately 8
miles. Flow core widths could be significantly less than one-half mile; potentially
hundreds of feet wide.

ridge, and some pinch out altogether at Red Hill. This implies the existence
relatively narrow flows.
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Lava flows are controlled by topography and follow the natural drainage pattern.

the interior of the flow, most of them only a foot or two across but a few
reaching diameters of tens of feet. Sometimes the liquid lava drains away from
these tubes leaving them partly or entirely empty.”

Lava tubes are constrained by the width of a lava flow they are part of.

North and South Halawa Valleys, and then extend beyond is unlikely.
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Red H

il specific
Range of widths of basalt flows (in particular pahoehoe): Flows average about 15 miles in
length and about one-half mile in width (Wentworth and Macdonald 1953).

Range of basalt flow thicknesses: 3~50 feet thick with very irregular tops and bottoms
{Macdonald 1941); typically 5~10 feet thick.

Range of lava tube size (diameter or height and width): commonly small at 1-3 feet. Large
lava tube greater than 20 feet in diameter encountered at upper elevations at Tanks 20 and
18.

Freguency of lava tubes across flows: present in pahoehoe flows, but frequency is difficult
to determine as very few voids have been encountered during drilling

Evidence that lava tubes don’t extend beyond a single flow field: there is no evidence at Red
Hill, but generally at the flow front, the lava behaves much like a river delta, forming small
distributary tubes that continue to branch until they consist of the same type of single flow-
unit tubes (toes) that have been forming the flow the whole way downslope. A lava tube is
a natural conduit formed by flowing lava that moves beneath the hardened surface of a
lava flow. Tubes can drain lava from a volcano during an eruption, or can be extinct,
meaning the lava flow has ceased, and the rock has cooled and left a long cave.

Range of meanders of flows off fall line: hundreds of feet to 1 mile.

Tendency of lava tubes to infill during weathering — lava tubes are conduits for water that
can result in enhanced rock weathering
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Figure 3.2 Geologic Map of recent lava flow directions from eruptions at the Kilaues Volcano, Hawail,
While the predominant downslope movement is roughly perpendicular to the East Rift Zone, there s
significant varlability in lava deposition pathways,
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FRETERT

Peterson et al. 1994

orr et al. 2015
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Northeast — Southwest Section showing extent of Salt Lake Tuff
Complex; note ash layer that mantles Pearl Harbor to the west
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g
Complex, valley fill and saprolite, and caprock sediments.
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East — West Sections moving from South to North
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Moanalua Valley Cross-Section
View to the Northwest
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South Halawa Valley Cross-Section
View to the Northwest
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ITRC Fractured Rock CSM - Architecture

Urientation

Planarity or waviness.
; . P i

Aperiure

| Roughness

Length

Fracture Densi
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From Regulators’ Presentation at AOC Technical Working Group Meeting on
February 13, 2019
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Previously analyzed Synoptic Study data to:

¢ Evaluate regional basal aguifer response to pumping from
- BWS Halawa Shaft
- Navy Aiea Shaft
- Navy Red Hill Shaft
- BWS Moanalua Wells
= Evaluate hydraulic head changes in the regional basal aguifer
- Various pumping conditions/combinations
- Non-pumping conditions {locally)
= Evaluate regional basal aguifer response to
- Barometric pressure fluctuations
~  Tidal fluctuations
- Rainfall and streamflow conditions
¢ Estimate regional basal aguifer properties
- Transmissivity and hydraulic conductivity
- Storativity
- Anisotropy

Re-analyzed Synoptic Study data to account for:

~  Barometric pressure influence on water level data
- Revised estimates of aguifer properties based on corrected water level data
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Thomas County Index Well

Winter Level
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A B g n E F G 1 H 1 d
Copy your dats into this template then press Compute BRF or Comract WL butten. Use Fill Gaps butfon to interpolate across gaps in data.

Updata the vellow cells sppropriately. This information will be passed on to output BRF workshest. Fill Gaps
Comment: A note to yourself

5 fWeIl.‘ RHREPAD ?
féater Level Units: fent : Compute BRF
¢ Barometric Pressure Units:  feet . {and correct W L)
Earth Tide Units: ’ {Mot used if Mumber of ET Lags = -1}
sarnple Interval: 0.0oead
Sample Interegl Units: days : Comert Wi
Number of BF Lags: 1 Wax BF lag: 0.07538558Y days it colortod 3
: Muraber of ET L,a-gg 5 ad e ET 13@9: 0.618055556 da;s (with selected BRF)
\BRF Data Start: 1118 1200 20
BRF D;ta End: S8 g0 AN W Detrend Selected BRF: BRF 3
Correction Data Start 14048 200 an
Correction Data End: 1719418 10000 Pl
Paste your data below these headings {staring in row 20% ET not used f Number of ET Lags = -1, Header lakels do not sffect computations
Time "YWL () “BP {feet} "ET *
1410/ 2018 200 18,3 340055 0,334
042018 930 13,3 340032 ARG
1402018 9:20 1830 3401937
1730/ 2008 330 183 3400551
1002018 940 123 34013 o
A0/ 2B 50 183 34.0032 J.45
1/36/2018 10:00 183 34 00083
1802018 110 18,31 3399527 0.4
AR 2018 15120 1831 3401244 0 511668887
11042018 10:30 18,35 33.99858 3538
IR0 2018 1040 18.31 34 00083 0541
11042018 10:50 12,31 3399358 {1.544
1OE0S2018 1100 15,32 340032 3,547
LAEOf IR 1150 18320 M2 0 657
11042018 11:20 18,320 33.98472
/102008 11530 18,33 3399827
L0/ 2018 1140 1333 3399165
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rometric Influence on RH
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Tidal Influence on RH
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Transmissivity (ft2/min) 434.1
Storativity 0.05566
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i

Transmissivity (ft2/min) 762.2
Storativity 0.1262

01
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#«  Moench %i%@?}
Neuman (1974)
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Mean

Drawdown

Effective
nsmissivity
(ft2/d)

891,000

Effective
nsmissivity
(ft2/d)

520,000

Recovery

Apparent

Effective
nsmissivity
(ft2/d)

725,000

Drawdown

Apparent
Storativity

Effective
nsmissivity
(ft2/d)

Recovery

Apparent

Minimum

607,000

353,000

657,000

Maxi

2,350,000

631,000

795,000

Minimum

409,000

0.02

402,000

0.01

585,000

0.02

Minimum

409,000

0.02

384,000

0.01

589,000

0.02

708,000

Maximum

1,340,000

0.16

803,000

0.13

750,000

0.19

1,260,000

* Yellow boxes indicate where Theis was maltched once for both
drawdown and recovery, instead of two individual analyses.
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= Mutch (2005)
= Hantush and Thomas {1966)

peat analysis for Halaw
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#  Developing data for calibration of groundwater model

= Independent validation of groundwater model predictions
= Estimation of equivalent aguifer hydraulic properties
= Evaluation of aquifer anisotropy
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Understanding of impacts of individual known stresses (e.g., Red Hill
Shatt and Halawa Shaft pumping, barometric, and tidal} on water
levels at individual wells

Magnitude of the unexplained water level variations

Targeted information (water level responses to unit pumping at
individual shafts) for calibration and evaluation of the numerical
groundwater flow model

Estimates of equivalent transmissivity {between each pair of pumping
shaft and observation well) indicating heterogeneity, anisotropy and
parameter ranges

Estimates of equivalent anisotropy ratio and direction {for each
pumping shaft)
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ater level change referenced to time of Red Hill Shafﬁ shutdown
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Noise
Model

Dynamic X, W
Response SNV
Model
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Unit impulse response function as transfer function

Ve = VoXe + V1Xemq + VpXeg + Unit
- v(B}Xf impuise
3 | . response
th??”&? v(ﬁ) o 1?0 + iﬁﬁ + vzﬁ funchon s s

Source
Responses {o individual impulses
""""" CONVOLUTION
Summing all responses to impulses
Response -

ot
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Soure

Source

Source

H Impulse input

Time

Step input

E Delayed negative step input

Respons

Respons

Respons

Impulse response

Step response

\ Delayed negative step response
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Red Hill Shaft On,
Max Pumping

Halawa Shaft On,
Max Pumping
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Red Hill Shaft Off Halawa Shaft Off




Red Hill Shaft On,
Max Pumping

Halawa Shaft On,
Max Pumping
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Red Hill Shaft Off alawa Shaft Off




Alaw 28 v BT 28

Red Hill Shaft Off Red Hill Shaft On, | Halawa Shaft Off Halawa Shaft On,
Max Pumping Max Pumping
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TF due to barometric, tidal, an

rainfall -

different empirical forms

inclusion of various non-pumping sources

TF due to pumping — empirical,

Residual noise vs. white noise

Optimization period ~ total versus sequential

Hantush, Theis, Ttim
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lag (hr)

Resembles Hantush leaky aquifer solution
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-Observed Data
Hantush
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Observed Data
Hantush ——— TFN Result

Using Hantush step response function results in better matching than Ttim
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Ttim step response function shows less abruj
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erved Data
Hesult

e ODS
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e (yserved Data
e TN Reguit
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Drawdown difference between RHMWDS and RHMW10
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Azimuth of major principal direction
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Azimuth of minor principal direction
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Azimuth of major principal direction

= 35 degrees (215 degrees)

Azimuth of minor principal direction
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Azimuth of major principal direction
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Azimuth of minor principal direction
= 90 degrees (270 degrees)
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Azimuth of major principal direction
= 55 degrees (235 degrees)
Azimuth of minor principal direction
= 145 degrees (325 degrees)
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Groundwater Groundwater

Groundwater

window 9 months, lag 2 months
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window 9 months, lag 2 months
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Level (ft msl
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mping has a significant effect on monitorin
more influential thm effects related to pumpi
d other pumping wells in the area).

mt show an influenceon w at@r levels on a
g that localized recharg gnificant.

idual m

draulic analyses wgwﬁm wery high permeabilities in
beneath R lill, which is also demonstrated in the

direction of around 215°

major principal ¢
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Recharge
NE Inflow

Estimated spring Hlows from Navy Alea {Navy Boat Harbor) well water levels

Synoptic Study pumping and water level response datasets
Preliminary material property estimates from literature

TFN analysis
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£

Grid Levels:
= Parentgrid =500
# levell=2501t

= level 2 = 125 #t

-~ NW and SE boundaries

- Tuff cone perimeter

~ Red Hill ridge

- Adjacent ridges

- Area of interest

~ Saprolite extent based on two different depths as interpreted at Halawa Deep

Monitoring Well (2253-03)
Marine caprock limestone extent
Llevel 3=62.5H

- Pumping wells
Level 4= 3125 &t

- Red Hill Shaft
- Halawa Shaft

%

%
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The grid refinement is the same for all layers, with Azimuth = 213.6
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Marine deposits perimeter extent connects both NW and SE boundaries.
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Synoptic
Using 2017/20

ifferences between wells create

gnal, not noise

ioves noise and results in a cleaner

TFN analysis isolates signal, rem
calib
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' Spatial differences {well pairs)
= Temporal differences {drawdown/buildup)

= Focus is on hehavior between wells ang between times

2017-2018 synoptic dataset will be used to develop absolute head and
head

I-difference targets for calibration

ED_006532_00002900-00113



ED_006532_00002900-00114



#

Additional well drilling
2017-2018 Synoptic Water Level Study
®= Interim modeling evaluation

#
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e Average basalt

* Clinker model

» Heterogeneous model

» Pearl Harbor v. Offshore GHB conductance sensitivity
* Honolulu Volcanics properties sensitivity

» Lateral boundary GHB sensitivity

 Sensitivity on anisotropy direction (strike)
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M event - April

illing and well/test borehole installation update:

— RHMW14 Westbay install scheduled for the week of March 18
— RHTBO1 drilling scheduled following RHMW14

— RHMW13 drilling scheduled following RHTBO1

— RHMW12 drilling and RHMW15 completion - TBD

* Synoptic water level data collection ongoing
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